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INTRODUCTION
Clay masonry structures are used in various types of buildings in the Czech Republic and in many other countries due to their good behaviour, heat and sound properties. Their production is based on locally available materials and long-term national tradition. Masonry is a non-homogenous and anisotropic material composed of masonry units and mortar. Masonry units consist of materials having different properties, geometry and percentage of hollow volume. Mortar is composed of various materials and its workability might be adjusted by water content. All these characteristics have a considerable effect on the mechanical characteristics of masonry structures.
During the time existing masonry structures deteriorate and their strength decreases. For the assessment of existing clay masonry structures affected by adverse environmental influences, the national codes or some international standards might be applied as currently the Eurocodes are intended mainly for the design of new structures. That is why recently revised standard ISO 13822 has been implemented into the system of the Czech technical standards and selected information on material properties of existing structures have been given in the set of National Annexes.
For the verification of an existing masonry structure and for estimation of its strength, the formula given in EN 1996-1-1 is accepted in the Czech Republic and supplemented by some influence coefficients. However, the formula is rather difficult to be used when the strength of the mortar of existing masonry drops near zero leading to the totally insufficient masonry strength. However, the masonry structure commonly has some residual strength which could be taken into account. It appears that modified theoretical formula for the assessment of the strength of existing clay masonry structures is still missing in prescriptive documents and should be provided.
When reliability verification of existing masonry structures is needed, then their strength should be specified. That is why the analysis of national provisions and prescriptive documents of some European countries has been performed for preparation of some background materials facilitating national decision on existing masonry structures. Moreover, a study case of the reliability verification of masonry wall based on partial factor method and probabilistic methods is shown as follows.
MODELS FOR ESTIMATION OF MASONRY STRENGTH
Various models have been developed over the years on the basis of experimental results of testing and theoretical analyses. Some models are based on the results of theoretical analyses often leading to complex formulae involving several dependent parameters, while the other models of empirical character are derived mainly on the basis of testing and might be simpler and easier to apply. However, these models are commonly based on the limited number of experimental results and uncertainty in predicted values commonly exists.
Eurocode EN 1996-1-1 recommends for the general purpose mortar the formula 
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where the coefficients α = 0,7, β = 0,3 and f k is the characteristic masonry compressive strength where the mortar has the compressive strength not more than 20 MPa or two times f b , whichever is less. The constant multiplication factor K is in the interval from 0,4 to 0,7 depending on specified features of bricks, mortar and brick-mortar joint configuration. Selected formulae proposed for determination of masonry strength on the basis of knowledge of bricks and mortar strength are given in Table 1 Comparative study considering results of experimentally specified masonry compressive strength (denoted "exper") and masonry strength based on theoretical models given in Table 1 are illustrated in Fig. 1 (the same characteristics of mortar and bricks are applied in experimental tests and theoretical formulae, in the example in Fig. 1 the bricks strength of 13,1 MPa and mortar of 6,1 MPa are considered). It appears that some formulae underestimate the experimentally obtained compressive strength while the others give conservative values. Eurocode EN 1996-1-1, Dymiotis, MSJC and Oniscik formulae fit very well to experimentally obtained results. 
RELIABILITY ANALYSIS
The knowledge of the reliability level of masonry structures verified according to Eurocodes and also the reliability (credibility) of prescriptive analytical models for masonry compressive strength can be applied for decision making about design procedures, for calibrations of theoretical models and for further harmonisation of standards [3, 4] . The structural member or theoretical model may be considered as reliable, if the reliability condition for the probability of failure p F < p t (or reliability index > t ) is satisfied. The reliability analysis of masonry structures for the ultimate or serviceability limit states can be determined by means of the probability p F1 of the action effects E(X) randomly exceeding the structural resistance R(X) according to the following relationship
where X is a vector of basic variables and ξ R and ξ E are the model uncertainties of resistance and action effects. An example of reliability analysis of the masonry wall is illustrated in Fig. 2 . The reliability of the structure increases with increasing thickness of the wall and with decreasing coefficient of variation of a masonry wall. The target reliability level is illustrated by the horizontal surface (β t = 3,8). 
PROBABILISTIC ANALYSES OF THEORETICAL MODELS
The reliability (credibility) of formulae for compressive masonry strength proposed by some authors on the basis of theoretical studies or experimental investigation can be examined by means of the credibility of specified design value v d (x d ) (e.g. design stress, design deflection, design crack width) for considered vector of design variables. The probability p F2 of exceeding the design value v d (x d ), which was determined according to relevant theoretical formulae and recommendations of prescriptive design procedure, may be analysed as
where X is the vector of basic variables and ξ E represents the uncertainties of the effects of basic variables and model uncertainties in the considered limit state.
Selected outcomes of probabilistic analyses of proposed theoretical formulae for determination of the masonry compressive strength are illustrated in Fig. 3 . 
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CONCLUDING REMARKS
Probabilistic methods facilitate comprehensive analysis of the reliability of a masonry structure and assessment of the credibility of used theoretical models. Theoretical formula for specification of compressive masonry strength in EN 1996 appears to give good results with respect to the experimental results. However, for higher strength bricks the formula appears to be rather conservative. Conservative results are obtained by application of Dayaratnam formula which gives equal weight to the compressive strength of brick and mortar. However, some proposed formulae on the other side overestimate the masonry strength and appear to be not safe-sided.
Probabilistic methods are useful for reliability verification of existing masonry structures when considering time effects of deterioration and load effects. It appears that the probabilistic approach to design or verification of masonry structures might have positive economic effects. However, implementation of these methods into common design practice still requires specification of adequate probabilistic models for various basic variables.
Reliability indices β assessed in the reliability analysis of the theoretical models for masonry strength with respect to experimental results have a significant scatter and in some cases seem to be rather low. It appears that the reliability of theoretical models given in Eurocodes or proposed by the Masonry Standards Joint Committee meets requirements for the target reliability recommended in EN 1990.
For the estimation of compressive strength for verification of existing masonry in case that the low strength mortar is present, the lower bound of the mortar strength has been proposed for the national provisions.
